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ABSTRACT 
Charcoal ash-induced microsomal and cytosolic epoxide hydrolase(s) 
from liver tissue fractions of an estuarine fish, Fundulus grandis, were 
isolated and purified by ion-exchange chromatography using Diethylamino- 
Ethyl Cellulose (DEAE) and Carboxymethyl Cellulose (CM52). Electro¬ 
phoretic resolution of the purified microsomal and cytosolic epoxide 
hydrolase(s) from these columns on 10% sodium dodecyl sulphate poly¬ 
acrylamide slab gels indicated the presence of a liver cytosolic and 
two microsomal forms of this enzyme in Fundulus grandis. The two forms 
of microsomal epoxide hydrolase(s) and the cytosolic form, based on their 
relative mobilities on 10% SDS-polyacrylamide gels, are 49,000 and 59,000 
daltons. 
In vitro translation with membrane-bound and free polysomes from 
this fish was performed in a cell-free rabbit reticulocyte lysate system. 
The synthesized epoxide hydrolase(s) were immunoprecipitated with rabbit 
anti-fish epoxide hydrolase antibody and the products resolved on 10% 
SDS-polyacrylamide gels. Our findings, based on autoradiographs of these 
gels, indicate that a cytosolic and two microsomal forms of epoxide hydro¬ 
lase were, putatively, synthesized in vitro. Co-translational addition 
of dog pancreatic microsomal membrane to the translation mixture contain¬ 
ing free polysomes showed no shift in molecular weight of the synthesized 
protein, thus, indicating that epoxide hydrolase(s) are not processed 
via signal sequence cleavage. Post-translational proteolytic digestion 
with trypsin and chymotrypsin revealed that the two microsomal forms are 
protected by the membrane, whereas, the cytosolic form is not. 
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Man's advancement in technology has greatly contaminated his environ¬ 
ment with a variety of pollutants which include toxic wastes, containing 
mutagens and/or carcinogens. Most species of animals and plants are 
equipped with some forms of detoxification enzymes whose metabolic acti¬ 
vity involves the biotransformation of these pollutants. Epoxide hydro¬ 
lase (E.C.3.3.2.3), a major detoxifying enzyme of vertebrates, is one 
such enzyme. The mode of action of this enzyme is based on its ability 
to hydrate epoxides, converting them to diols and dihydrodiols. However, 
its metabolic products also include a more potent bay region diol epoxide 
which has increased potential to induce liver and lung tumors (Pelkonen 
and Nebat, 1982). 
Epoxide hydrolase is localized in the smooth endoplasmic reticular 
fraction of the liver of most vertebrates (Bhat and Padmaneban, 1978; 
Knowles and Burchell, 1977; Nebert and Gelboin, 1968) and in the cyto¬ 
plasmic domain of mice (Sarjet, 1983; Vlasak and Setgges, 1983). The 
molecular weight ranges from 49,000 daltons to 59,000 daltons (Guengerich, 
et aj_., 1979). It has been postulated that epoxide hydrolase is induci¬ 
ble by many aromatic and olefinic compounds (Hammock and Hasagawa, 1983; 
Lu, et £]_., 1975). The most common compounds used for induction of this 
enzyme include benzo(a)pyrene and 3-methylcholanthrene (Daly, et al., 
1972, Stegman, 1981; Stoming, et a]_., 1977). Coal ash from the inciner- 
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ation of fossil derived polycarbonates, a prevalent source of polycyclic 
aromatic hydrocarbon, has been shown to contain among other compounds, 
benzo(a)pyrene (Smith, et aj_., 1983). This ash is a product of the 
combustion of coal which is readily carried to the aquatic environment 
by wind and rain, causing marked increases in the contamination of the 
ecosystems of marine animals such as the bony fish, Pi sees. 
Fundulus grandis, a fish that transverses both fresh, estuarine 
and marine waters is an ideal experimental monitor of variations in 
detoxification/toxification studies (Nebert and Gelboin, 1968). It is 
a source for acquiring liver samples rich in messenger RNA and poly¬ 
somes containing messenger RNA for in vitro biosynthetic studies of 
epoxide hydrolase. Epoxide hydrolase has been isolated and purified 
from in vivo liver cell microsomes using ion exchange chromatography 
(Seidegard and Depierre, 1980). Utilization of this chromatographic 
method allows for the specific elution of epoxide hydrolase with appro¬ 
priate buffers at optimum conditions (Knowles and Burchell, 1977). 
Spectrophotometrically, epoxide hydrolase activity has been deter¬ 
mined using styrene oxide and trans-stilbene oxide, respectively (Oesch 
1976; Hasegawa and Hammock, 1981). The analysis of the metabolic product 
has been resolved exploiting High Performance Liquid Chromatography 
methodology (Gozukara, et aj_., 1980). 
The existence of a variety of forms of epoxide hydrolase is evident 
in many animals (Bentley, et £]_., 1976, Wang, et aj_., 1982). Previous 
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investigators have failed to determine whether these forms are consequen¬ 
tial to their transnational pathways or due to different sites of 
biosynthesis. 
Extensive studies have been undertaken involving the characteri¬ 
zation and metabolism of these enzymes. However, investigators have not 
been successful in resolving the site of synthesis of the various 
enzymatic forms nor have they used aquatic animals as their test system. 
In our laboratory, we have utilized a cell-free translational system and 
monospecific antibody-directed immunoprécipitation of the translated 
products to determine the site of synthesis of epoxide hydrolase in a 
cell-free system using Fundulus grandis. We, initially, purified exist¬ 
ing forms of these enzymes from an in vivo system and, subsequently, used 
them as comparative parameters in in vitro experimental studies. 
The objectives of this study were as follows: 
1. To purify existing in vivo forms of epoxide hydrolase in 
liver microsomes of Fundulus grandis. 
2. To determine if multiple forms of this enzyme exist in the 
in the liver of estuarine fish. 
3. To utilize an in vitro system to determine the sites of 
synthesis of all the purified forms. 
The significance of this investigation is that it will establish, 
definitively, the means by which cells, especially, fish hepatocytes, 
biochemically synthesize and process a major detoxification/toxification 
enzyme of the vertebrate system. It will also enhance the understanding 
of the effects of xenobiotics and other drugs in the induction of 
this enzyme and their subsequent metabolic pathways. 
CHAPTER II 
REVIEW OF LITERATURE 
Epoxide hydrolase (EC 3.3.2.3) is a putative microsomal and/or 
cytoplasmic enzyme or group of enzymes that convert epoxides to dihy- 
drodiols and diol epoxides. 
History and Nomenclature 
Epoxide hydrolase, a detoxification enzyme in the vertebrate liver 
was first studied by Jerina and Witkop in 1968. The first isolation 
experiment was performed by Oesch and Daly (1970). This enzyme was 
first called epoxide hydroxylase because it was believed to hydroxylate 
epoxides using hydroxyl ions (0H-) from water (Nebert and Gelboin, 1968). 
In 1974, Bindel, et al_., while studying its endogenous role in rat liver, 
lungs, testes, adrenal gland, kidney and ovary, stated that all the 
purified forms of epoxide hydrolase from these organs metabolize styrene 
oxide and the antibody raised with the purified endogenous forms cross- 
react with each other. It was, then, called epoxide hydratase because 
it was believed to hydrate or add water to epoxides (Bindel, et al., 
1974). Finally, in 1978, the Nomenclature Committee of the International 
Union of Biochemists on the nomenclature and classification of enzymes 
recommended that this enzyme be called epoxide hydrolase. The rationale 
for this was the belief that the enzyme hydrolyses water to hydrogen and 




Epoxide hydrolase has been shown to exist in the cytoplasm as well 
as in microsomes (endoplasmic reticulum). The cytoplasmic form is called 
cytosolic epoxide hydrolase and the microsomal forms are termed microsomal 
epoxide hydrolases (Guenther and Oesch, 1983; Wang, et^ al_. ,1982; Oesch; 
1976) . The microsomal epoxide hydrolases are, putatively, hydrophobic 
since they are membrane-bound while the cytosolic form is soluble in an 
aqueous environment. The hydrophobic microsomal form is solubilizable 
from membrane with neutral detergent. Epoxide hydrolase(s) are resolvable, 
electrophoretically, in the presence of SDS and have molecular weights 
ranging from 49,000 to 59,000 (Bentley, et aK, F. 1975; Luayh, et al., 
1977) . 
The isoelectric point (pi) of this enzyme is 7.8 in the rat and 
6.8 in the rabbit (Guengerich, 1979). Ion-exchange chromatography 
utilizes these properties in the isolation and purification of this 
enzyme. The purified enzyme mass absorbs in the ultraviolet (uv) 
region only, and has an absorption maximum between 280nm to 290nm (Luay, 
and Miwa, 1981). The pH optimum of epoxide hydrolase is 7.4 which is 
another physical property that is applied to the purification procedures 
(Kapitulnik, et a_h, 1977). The amino acid analysis of microsomal 
epoxide hydrolase shows that the enzyme contains a total of 455 amino 
acids (Heinemann and Ozols, 1984). It has been shown that this amino 
acid profile has a high tryptophan and tyrosine content (Bentley, et 
al., 1977). High tryptophan and tyrosine content confers hydrophobicity 
to the enzyme. 
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Substrate Specificity - Biochemical Properties 
Epoxide hydrolase catalyses the hydration of epoxides at either 
the aromatic or olefinic double bonds (Oesch, 1973, Watabe, and Akamatsuk, 
1974). The epoxides include, octene 1, 2-oxide, styrene oxide, trans- 
stilbene oxide and many other arene oxides as polycyclic aromatic hydro¬ 
carbons (Oesch et at., 1970; Oesch, et_ al_., 1978). It also catalyzes 
the metabolism of steroid epoxide (Gustafsson, 1973; Kadis, 1978), and 
halogenated cyclodiene (Brooks, 1977; Brooks, et al_., 1970). Hammock, 
and Hasagawa, (1983) have shown differential substrate selectivity in 
murine hepatic microsomal and cytosolic epoxide hydrolase. Presently, 
two microsomal and one cytosolic epoxide hydrolase have been putatively 
purified (Jideama and Browne, 1986; Guenther and Oesch, 1983; Oesch, 
1976; et aj_.,1982; Guengerich et aK, 1979). The two microsomal forms 
are referred to as microsomal epoxide hydrolase(s) I and II. Guenther 
and Oesch, (1983) identified and characterized a new microsomal form of 
this enzyme referred to as microsomal epoxide hydrolase II (mEH2) from 
mouse liver microsome. This new form metabolizes trans-benzo(a)pyrene 
(BP)7, 8-styrene oxide while microsomal epoxide hydrolase I catalyzes the 
hydration of BP 4,5 styrene oxide (Guenthner and Oesch, 1983). The 
cytosolic epoxide hydrolase is responsible for the hydrolysis of trans- 
stilbene oxide (Wang et al_., 1982). In mouse and rabbit, the level of 
the cytosolic forms found in all tissues is higher than that of the 
microsomal except in rat where the latter is much higher. Further, 
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these investigators found that the activity increases with age in female 
mice but is highest at puberty in male mice (Hammock et_ al_., 1980; Oesch, 
1976). Thus the three forms of epoxide hydrolase exhibit substrate 
specificities. 
Mechanisms of Actions 
Epoxide hydrolase undergoes a highly stereo-selective reaction 
which, consequently, results in high optical purity of products. With 
few exceptions, hydration is stereo-specific in the trans manner 
(Hammock ert a]_., 1980). Hanzlik, ert aK, (1976) in studying enzymatic 
hydration of 02 epoxides and the role of nucleophilic mechanisms, 
showed a high degree of stereo-selective hydration with the inversion 
of configuration and trans-addition of hydroxyl groups at the least 
sterically hindered carbon atoms (Hanzlik, et^al_., 1976). This is 
indicative that both carbonium ion formation by the substitution nucleo¬ 
philic mechanism (SNI) and backside nucleophilic attack by substitution 
nucleophilic reaction (SNII) mechanism are involved in the chemical 
hydration of epoxides (Jeffrey., et^aU, 1974; et_ aj_., 1971). The 
nucleophilic attack from the backside of the least hindered epoxide 
carbon leads to the opening up of the epoxide ring, thus, forming a 
transdihydrodiol. 
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Activation And Inhibition Studies 
The level of many active intermediates of chemical mutagens and 
carcinogens is controlled by epoxide hydrolase. This enzyme is, there¬ 
fore, used as a modulator of chemical mutagenesis. It is interesting to 
note that most substrates to epoxide hydrolase may act as the inhibitor 
of its activity either competivitely, noncompetively or uncompetitively 
(Oesch, et aJL, 1971). The most common inhibitors include cyclohexane 1, 
2-oxide, styrene 7,8 episulfide and disubstituted oxaziridime. All the 
known inhibitors of epoxide hydrolase are strong electrophiles which 
readily react with cellular nucleophiles (Oesch, and Daly, 1972; Burkik, 
et aj_., 1974). The cytosolic epoxide hydrolase activity has been shown 
to be inhibited by divalent and monovalent copper, as well as, zinc ions 
(Hammock et a]_., 1980). These inhibitors probably affect not only 
epoxide hydration but, also the formation of epoxides, conjugation or 
rearrangements of the epoxides. The allosteric type activators such as 
methyrapore, phenylimidazoles and flabores serve as epoxide hydrolase 
activators (Gamu, and Atwort, 1978; Levin., et aj_., 1978). It is impor¬ 
tant to point-out that there has not been any success in using epoxide 
hydrolase inhibitors in vivo to modulate the level of active carcinogens 
in animals. Side effects of the inhibitors, such as toxicity and lack 
of selectivity, pose many problems (Guenthner, and Oesch, 1981). 
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Functional Role 
Epoxide hydrolase is involved in metabolic activation and deacti¬ 
vation of polycyclic aromatic hydrocarbons. It is evident that chemical 
carcinogens act by binding to cellular macromolecules and hence obstructs 
cellular functions (Miller, 1970). Sims, et aK, (1974) showed that 
BP-7, 8-diol 9, 10 oxide bound covalently to DNA with a very high 
efficiency. The binding of this carcinogen can be prevented by the 
metabolic activity of epoxide hydrolase which renders it harmless. 
However, this enzyme deposits a metabolic diol epoxide in the system 
which can evoke cellular damage by binding to either proteins or nucleic 
acids. 
Oxides of arene also act as substrates to epoxide hydrolase. A 
typical example of their hydration is the conversion of BP-4, 5 oxide to 
BP-4,5 diol. Polycyclic aromatic hydrocarbon mutagenicity in cells has 
been remarkably reduced by treatment with epoxide hydrolase. Oesch, et 
al., (1976) studied the effect of epoxide hydrolase in cellular muta¬ 
genesis and their results indicate a tremendous decrease in cellular 
mutagenecity. In one study, using a mutagenesis assay system containing 
BP and liver microsomes from untreated mice, these investigators show 
that the addition of pure epoxide hydrolase caused a marked decrease in 
the number of cells undergoing mutagenecity because it reduces the level 
of mutagenic agents formed by BP-inducible mono-oxygenase. 
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Many investigators have studied the effect of epoxide hydrolase 
modulation on polycyclic aromatic hydrocarbons tumorgenesis. Farber, 
(1973) described an, immunologically, detectable protein in chemically 
induced hyperplastic nodules in rat liver. A follow-up study by Levin, 
et _al_., (1978) offered evidence that this preneoplastic antigen is 
microsomal epoxide hydrolase. 
Hydrolysis of steroid epoxides is a functions of epoxide hydrolase 
(Bindel, et al_, 1979). These investigators studied the role of this 
enzyme on the hydration of androgen and estrogen series, androstine oxide 
and estroxides, respectively, in rat liver. In addition, they showed 
epoxide hydrolase activity with testes microsomal fractions and indicated 
that the activity of this enzyme increases in both male and female rats 
during puberty. 
Lipid epoxidation is, also, a regulatory role of epoxide hydrolase. 
It regulates the rate of epoxides formed from olefinic precursor mole¬ 
cules (Watabe and Akamatsu, 1974). Payne (1975) demonstrated that the 
level of epoxide hydrolase in fish exposed to petroleum increased tremen¬ 
dously and can therefore be used as a biological monitor for petroleum 
hydrocarbons in the sea. Epoxide hydrolase is localized in fish gills 
and livers (Payne, 1975), 
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Distribution and Localization 
Epoxide hydrolase is universally found in the entire animal kingdom 
and in some plants. In most mammals, epoxide hydrolase is similar in 
substrate specificity (Oesch, 1974). Quantitative differences, however, 
occur between epoxide hydrolase from one species to the other. A typical 
example of this is the rate of hydration of styrene 7,8-oxide in the rat, 
which is 0.47 as compared to 8.2 in the rabbit (Walker, et^ aj_., 1978). 
Fish liver microsomal epoxide hydrolase and rat liver styrene oxide - 
induced microsomal epoxide hydrolase have some immunological similarities 
(Jideama, et_ aU, 1985). However, human and rat epoxide hydrolase activi¬ 
ties, though having similar substrate specificities, are immunologically 
different (Lu, et aj_., 1979; Guengerich, et^ aK, 1979). Oesch, et al., 
(1977) assayed for the activity of epoxide hydrolase in 25 organs, 
which include liver, lung, kidney and testes and found that the quanti¬ 
tative level of this enzyme differs from organ to organ (Oesch et al., 
1977). The activity was highest in the liver followed by testis, kidney, 
lungs and then other organs. 
The highest activity of epoxide hydrolase is found in the endo¬ 
plasmic reticulum (microsomal fraction) of rat liver according to 
Stasiecki, et_ al_., (1980). It is not limited to the endoplasmic reticu¬ 
lum but is also found abundantly in the nuclear membrane of the rat 
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(Mukhtar et jîl_., 979). Immunocytochemical localization of epoxide 
hydrolase and cytochrome P-450 has been performed using mono-specific 
goat anti-rabbit epoxide hydrolase lgG (Bentley, et al_, 1980). They 
conjugated the IgG with ferritin and incubated smooth, rough and whole 
endoplasmic reticulum, Golgi complex, plasma membrane and mitochondria 
in the IgG/ ferritin complex. Their results showed localization of 
epoxide hydrolase in all of these cellular fractions. Kuhlamann et 
al., (1981) also localized microsomal epoxide hydrolase in rat liver 
cell islets utilizing ultrastructural immunocytochemistry techniques. 
Stasiecki, e^ al_., have also localized this enzyme in plasma and golgi 
membranes. Thomas, et a]_., (1979) demonstrated that the nuclear membrane 
epoxide hydrolase plays an important role in controlling the formation 
and detoxification of active intermediates in the immediate vicinity of 
the nucleus. The cytoplasm is not devoid of epoxide hydrolase. 
Existence of Multiple Forms 
Different forms of epoxide hydrolase have been purified from 
different species. These forms show distinct substrate specificities 
(Bentley, et_ aj_., 1976; Wang, et al_., 1982) and immunological differ¬ 
ences (Lu, et al_., 1979; Levin, et^ al_., 1978). Many questions have been 
raised as to why a cell should synthesize different forms of the same 
enzyme. Bentley and Oesch (1975); Oesch, et al_., (1976); Guengerich, 
et^ al_., (1969) individually demonstrated two separate peaks of epoxide 
hydrolase activity using phosphocellulose or carboxymethyl cellulose 
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chromatography. Furthermore, these investigations further showed 
differences in the amino acid make-up of these two forms suggesting that 
multiple forms of the enzyme may exist in the same species. Three 
separate forms of this enzyme with substrate specificities were purified 
from rat liver. These data are in agreement with those obtained by 
Jideama and Browne, (1986) in which a cytosolic and two microsomal forms 
of epoxide hydrolase were purified from liver cells of Fundulus grandis. 
These investigators also performed mRNA directed synthesis of these 
forms in vitro from free and membrane bound polysomes from fish liver 
(Jideama and Browne, 1986). 
Purification of Epoxide Hydrolase 
Many investigators have used a number of techniques to purify epoxide 
hydrolase. The first group isolated epoxide hydrolase by solubilizing 
guinea pig liver homogenate in cutscum (Oesch and Daly, 1970). They 
precipitated the enzyme using the ammonium sulfate precipitation method 
and desalted it on a Sephadex 9-25 column. In 1977, Knowles and Burchell 
used detergent solubilization and ion-exchange chromatography to purify 
epoxide hydrolase. This technique gave 460-fold homogenicity as compared 
to 40-fold purity obtained in the previous studies. Knowles and 
Burchell, (1977) obtained a yield of 36% pure enzyme. Gill, (1983) 
purified cytosolic epoxide hydrolase using CM-cellulose, DEAE cellulose, 
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phenylsepharose and hydroxylapatite columns. He obtained an overall 
yield of 10% with 180-fold purification. The latest method used for the 
purification of this enzyme was reported by Kennedy and Burchell (1983). 
They raised monoclonal antibody to epoxide hydrolase and coupled it 
to a cyanogen bromide activated sepharose affinity column. The purified 
enzyme showed a homogenicity when resolved on SDS-polyacrylamide gel. 
Assay For Epoxide Hydrolase 
The activity of the purified enzyme has been assayed by many 
investigators. The enzyme assay method generally used include radio- 
metric, spectrophotometric and thin layer chromatographic procedures. 
Oesch et^ al_., (1971) developed the radiometric assay method. They used 
l^C-styrene oxide as the substrate and after incubation with the enzyme, 
in appropriate buffers, extracted the product which is l^C-styrene 
glycol. In this assay method, they assayed for the presence of the 
labelled product. Jerina, et_al_., (1976), performed a simple assay for 
epoxide hydrolase activity using thin layer chromatography. The incu¬ 
bated assay mixture was spotted onto silica gel in glass thin layer 
chromatographic plates which had been prespotted with triethylamine and 
developed in benzene/ ethyl acetate /chloroform/tri ethyl ami ne. This 
assay method also measures the rate of formation of the product just as 
the radiometric assay. Hasegawa and Hammock (1982) determined the 
activity of cytosolic epoxide hydrolase using a spectrophotometric 
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assay which is based on different ultraviolet spectra of trans-sti1 bene 
oxide and its reaction products. They measured the disappearance of 
trans-stilbene oxide which was the substrate. 
Induction of Epoxide Hydrolase 
Epoxide hydrolase is inducible by many drugs and certain environ¬ 
mental xenobiotics. Treatment of experimental animals with compounds such 
as benzo(a)pyrene, phénobarbital, 3-methylcholanthrene, styrene oxide, 
and polycyclic aromatic hydrocarbons generally form very effective induc¬ 
ing agents. Browne and Jideama (1986) found a three-fold increase in the 
level of microsomal epoxide hydrolase in Fundulus grandis treated with 
coal ash. The level of this enzyme in the lungs of cigarette smokers 
has been shown to be much elevated when compared to the level in non- 
smokers (Boobis, jet al_. ,1980). Stoming, et_ al_., (1979) induced a four¬ 
fold level increase in epoxide hydrolase in rats using 3-methylcholan- 
threne as the inducing agent. This result is controversial. Jerina, et 
al., (1977) reported that 3-methylcholanthrene does not induce epoxide 
hydrolase in rats. Further, Bend et^ al_., (1977) has also shown that this 
drug does not induce epoxide hydrolase in sheepshead and Atlantic sting¬ 
ray. However, they indicated that epoxide hydrolase can be induced in 
the rat depending on the dose and duration of treatment. Thomas, jet 
al., (1981) treated rats with a number of xenobiotics. Two-acetyl- 
ami nofluorene has also been found to increase the level of this enzyme 
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to 7-fold after treatment for 5 days (Astrom and Deperre, 1981). 
Kuhlmann et al_., (1981) treated rats with N-nitrosamorpholi ne (NNN) for 
7 weeks and also observed higher levels of epoxide hydrolase. However, 
trans-stilbene oxide has been shown to be a selective inducer of epoxide 
hydrolase without increasing the level of mono-oxygenase (Oesch, et al, 
1977). 
Biosynthesis Of Epoxide Hydrolase 
Epoxide hydrolase been extensively investigated, yet very little is 
known about its synthesis. The first in vitro translational studies 
were done by Gonzales and Kasper in 1980. They utilized rabbit reticulo¬ 
cyte lysate systems to translate mRNA contained membrane-bound polysomes 
and free polysome isolated from phénobarbital treated rats. 
An identical epoxide hydrolase to that purified in vivo was synthe¬ 
sized from the membrane-bound polysome messenger RNA; the free poly- 
somal messenger RNA did not translate any epoxide hydrolase in vitro. 
Okada, et_ aj_., (1982) conducted biosynthetic studies on epoxide hydrolase 
and elucidated a microsomal epoxide hydrolase with a noncleavable signal 
sequence. This finding suggests that epoxide hydrolase is not processed 
by the cleavage of an amino terminal insertion signal peptide. They 
induced, purified and, in vitro, translated mRNA of this enzyme from the 
livers of Sprague Dawley rats. Pickett and Lu (1981) translated 
poly(A)+ RNA isolated from untreated and phénobarbital-treated rats 
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in a rabbit reticulocyte cell-free system. Their goal in these experi¬ 
ments was to determine the level of translationally, active epoxide 
hydrolase (EC3.3.3.5)messenger mRNA. The quantitations of the immuno- 
precipitated epoxide hydrolase with rabbit anti-rat epoxide hydrolase 
anti-serum revealed that the level of translatable epoxide hydrolase 
mRNA increases 3-fold after chronic phénobarbital administration. 
Similar experiments with styrene 7, 8-oxide gave a 5-fold increase in 
the level of this enzyme. These results led to the conclusion that an 
increase in the level of epoxide hydrolase in treated male rats was a 
consequence of induced transcription. Ohlsson, et_ , (1981) showed 
the insertion of rat liver epoxide hydrolase into the endoplasmic 
reticulum of frog oocyte membranes. 
CHAPTER III 
MATERIALS AND METHODS 
One 50 gallon and two 20 gallon plexiglass aquaria were bedded with 
sea gravel and filled with tap water. Sixteen lbs. (189.27 kg) and 6.4 
lbs (75.70 kg) of synthetic sea salts (Aquarium system, Inc., Eastlake, 
Ohio) were dissolved in these aquaria, respectively. Aquachiller 
compressors (Jewel Co. Inc., Chicago, Illinois) were connected to the 
aquaria to maintain water temperature and supply oxygen. The 50 gallon 
aquarium housed all stock fish while one of the 20 gallon aquaria was 
used for the experimental fish and the other for the control groups. 
The aquaria were allowed to equilibrate for 48 hours and the fish, 
Fundulus grandis, (Gulf Specimens, Inc. Panacea; Florida) were trans¬ 
ferred to the 50 gallon aquarium and allowed to equilibrate in the 
aquarium environment for 24 hours. Six fish were then transferred to 
each of the 20 gallons aquarium. The experimental group was exposed to 
ash from incinerated coal briquettes for 18 hours; the control fish were 
housed in aquaria containing aseptic gravel with no suspended ash. 
Preparation of Fish Liver Microsomes And Cytosol Fractions 
The fish from the experimental and control aquaria were removed, 
chilled on ice and the liver surgically excised. The harvested liver 
was weighed on a Fisher Model 200 top loading balance and, subsequently, 
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homogenized in a glass douce homogenizer on ice, in 0.25 M sucrose TKM 
homogenate buffer(85% sucrose, 1M triethanolamine, 2M potassium chloride, 
1M magnesium chloride). 
The homogenate was centrifuged at 6,000 rpm (6,650xg) in a IEC Pr 
6,000 centrifuge for 5 minutes at 0°C to eliminate the nuclear and cell 
membrane fractions. The supernatant was further centrifuged at 0°C 
for 10 minutes at 10,000 rpm (12,100 xg) in a Beckman J2-21 centrifuge. 
This centrifugation step sediments the mitochondrial fractions. 
Separation of microsomal and cytosolic fractions was performed by 
centrifuging the post-mitochondrial supernatant at 40,000 rpm (105,000g) 
at 0°C for 1 hour in a Beckman model L8-70 ultracentrifuge (Knowles 
and Burchell, 1977; Guenther et aj_., 1980; Guengerich et_ al_., 1979). 
The resulting pellet from this final centrifugation is termed the micro¬ 
somal fraction while the supernatant is termed the cytosolic fraction. 
The cytosolic supernatant was lyophilized at -50°C. 
Enzyme Purification by Column Chromatography 
Column chromatographic processing of the microsomal and cytosolic 
fractions was carried out by a modification of the methods of Knowles and 
Burchell, (1977). The microsomal and cytosolic fractions were solubilized 
in 0.2 M^PO^ buffer containing 1% lubrol at pH 7.4. These solubilized 
fractions were suspended in Spectropor membrane tubing (MWC0 1200-1400) 
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and dialyzed overnight in 4 liter of 5mM K2PO4 containing 0.05% lubrol 
at pH 7.4. 
These samples were then applied to a 15 cm BIORAD Econo-Column 
packed with microgranular anion exchanger particulate, DiethylAmino- 
Ethyl Cellulose (DEAE), equilibrated with elution buffer A (5mM K2PO4 
containing 0.05% lubrol). The dialysate proteins that bound to the 
anion column were eluted with elution buffer A. The eluate was dialyzed 
overnight in 5mMK2Po4 buffer containing 0.05% lubrol termed elution 
buffer B. The pH was adjusted to 6.5. The eluate was applied through a 
previously equilibrated column containing pre-swollen microgranular 
cation exchanger particulate, Carboxymethyl Cellulose 52(CM52), and the 
bound proteins eluted with buffer B, at pH 6.5. 
Determination of Protein Concentration in the Eluate Using the 
BioRad Method. 
In this assay, lyophilized bovine serum albumin (BioRad laboratories, 
Richmond California) was used for the standard curve. A total of 120ug 
(0.00012 mg) of the standard protein was dissolved in 6 ml of sterilized 
distilled water. Serial dilutions of this bovine albumin solution were 
made and 0.2 ml of dye reagent was added to each dilution. These prepar¬ 
ations were allowed to stand on ice (4°C) for 30 minutes. Aliquots (0.8 
mis) of each sample eluate was treated with 0.2 ml of the dye reagent 
and also allowed to stand for 30 minutes. The optical densities of the 
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standards and the sample were measured at OD595 in a Beckman Du-8 spectro¬ 
photometer. The sample zero point was adjusted using the sample blank 
(sterilized water and dye reagent). 
SDS-Polyacrylamide Gel Electrophoresis of Purified Samples. 
The purified samples were lyophilized and resolubilized in distilled 
water. The proteins were precipitated using 10% trichioroacetic acid 
(TCA) acid solution. Three volumes of 10% TCA solution was added to each 
sample and allowed to stand on ice (4°C) for one hour. The precipitated 
samples were pelleted by centrifuging for 2 minutes in a Brinkman Model 
5412 model Eppendorf microfuge. The pellet was resolubilized in gel 
loading buffer solution called BEST-DS (comprised of 0.02% bromophenol 
blue, 200 mM EDTA, 42.5% sucrose and 0.1M tris base, 1.0M DTT and 20% 
SDS). This soluble mixture was incubated in a water bath for 30 minutes 
at 37°C to achieve complete solubilization. These samples were, subse¬ 
quently, boiled for 2 minutes, cooled to room temperature, and 10 ml of 
0.25M i ndoacetimide (IAA) added. This mixture is reincubated for 20 
minutes to alkylate the proteins and then loaded on 10% SDS-polyacrylamide 
gel, along with standardized molecular weight markers. 
The alkylated samples were electrophoresed at a current of 1.5 
milliampere per sample well for 17 hours in a discontinuous tris/glycine 
gel running buffer. The gels were removed from the gel plates and 
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stained with Coomassie Blue, G-250 (Sigma Chemical Co., St. Louis, MO) 
for 1 hour shaking on water bath shaker (American Optical Co., Buffalo, 
New York). The excess stain was removed from the gel; the gel was 
destained with destainer solution made up of methanol, glacial acetic 
acid and water. Final processing of the destained gel was achieved by 
the inclusion of 3% glycerol in gel destainer. The gel was vacuum 
dried for 12 - 24 hours. 
Molecular Weight Determination of the Purified Epoxide Hydrolase 
The molecular weight determination of purified epoxide hydrolase(s) 
was done using their relative mobilities as compared to profiles of 
molecular weight standards on 10% SDS-polyacrylarnide gels. The length of 
the gel was measured before and after staining with Coomassie Brilliant 
Blue stain. The distance of the dye front as well as those of the mole¬ 
cular weight protein markers and the three forms of epoxide hydrolase 
were all measured. The relative mobilities of these proteins were cal¬ 
culated using the relative mobility formula: 
Migration of protein x length of gel before staining. 
RM= Distance of M dye front x Gel length after staining. 
The logrithims of the molecular weight markers were plotted against 
the relative mobilities. The log of the three purified forms of epoxide 
hydrolase were acquired from the graph and converted to anti-logs to 
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obtain the molecular weights of the purified epoxide hydrolase. 
Separation of the Two Forms of Microsomal Epoxide Hydrolase Using 
High Pressure Liquid Chromatography (HPLC). 
Purified fish liver microsomal and cytosolic epoxide hydrolases were 
resolved and separated using an LDC High Performance Liquid Chromato¬ 
graphic System according to methods modified after (Gozukara et al.,1980). 
The separation technique utilized an octadecyltrimethoxysilane (ODS) 119 
column; the samples separated at a wavelength of 280 nm and with a flow 
rate of 1ml per minute. Twenty microliters of purified fish liver 
microsomal and cytosolic epoxide hydrolase(s) from the column eluate 
were injected into the sample chamber and eluted, isocratically, using 
20% ethyl acetate and 80% acetonitrite. The elution time was 20 minutes. 
Spectrophotometric Assay of Microsomal Epoxide Hydrolase I Using Styrene 
Oxide as Substrate. 
The purified epoxide hydrolase(s) were assayed for activities 
according to the modified method of Oesch (1976). In this assay, 
the concentration of the excess, unconverted substrate and the detection 
of the hydration product were performed. The incubation mixture was 
comprised of 1.0 ml of 0.5M Tris base at pH 9.0 containing 0.1% lubrol, 
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28 microliters of 0.03 mM of styrene oxide, 3 mis of distilled water and 
0.02 ml of epoxide hydrolase solution containing 2 mg of the enzyme. 
The incubation period was 5 minutes at room temperature (20°C). The 
action of the enzyme was terminated by the addition of 4 mis of ethyl- 
ether and gentle shaking. 
Extraction of Excess Styrene Oxide and Styrene Glycol. 
The excess styrene oxide and the assay product, styrene glycol, were 
extracted according to the methods of Oesch and Daly, (1971). A 0.4 ml 
aliquot of petroleum ether was added to the incubated enzyme assay mixture 
and shaken gently to extract the excess styrene oxide. The aqueous phase 
of this mixture was frozen with liquid nitrogen while the organic phase, 
containing the unconverted styrene oxide, was decanted into a test tube. 
This process was repeated three times and all extracts containing sty¬ 
rene oxide were combined. 
The remaining frozen aqueous phase, containing styrene glycol, 
was resuspended in 4 mis of ethyl acetate and gently shaken. The ethyl 
acetate extract, containing styrene glycol, was separated by freezing 
under liquid nitrogen. The ethyl acetate extract was decanted and the 
process repeated 3 times. Both petroleum ether and ethyl acetate, 
used as extraction solvents, were evaporated under the fume hood on a 
hot plate. 
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Determination of the Concentration of Recovered Styrene Oxide from the 
Assay Mixture Using the Standard Curve Method 
A standard curve of styrene oxide was made by serial dilution 
with acetonitrate using 10 microliter of the substrate containing 8.5 
micromoles of styrene oxide. The optical densities of different 
dilutions of styrene oxide were measured in a Gilford model 249 spectro¬ 
photometer at a wavelength of 254 nm. A standard curve plot of concen¬ 
tration versus optical density was made. Similarly, the 
excess recovered styrene oxide from the assay mixture was resuspended in 
1 ml of acetonitrite and the optical density was read using the same 
spectrophotometer. The concentration of the recovered styrene oxide 
from the assay mixture was obtained from the standard curve. 
Detection of Styrene Glycol 
The extracted assay product, styrene glycol, was resuspended in 
1 ml of ethyl acetate and the optical density was read in a Gilford's 
model 249 spectrophotometer at 273 nm using the solvent as the blank. 
High Performance Liquid Chromatograph Resolution (HPLC) Of the Extracted 
Products 
HPLC analysis of the ethyl acetate extract was performed according 
to the method of E.M. Gozukara (1980) in an LDC model HPLC system using 
an octadecyltrimethoxysilane (ODS) 119 column. Twenty microliters of the 
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ethyl acetate extract from the assay mixture was dissolved in 10% methanol 
and separated with a linear gradient from 60% methanol in water to 100% 
methanol at a sweep time of 50 minutes. Flow rate was 1.0 ml/minute at 
a wavelength of 248nm. 
Spectrophotometric Assay for Microsomal Epoxide Hydrolase II and Cytosolic 
Epoxide Hydrolase Using Trans-sti 1 bene Oxide. 
The activity of fish liver cytosolic and microsomal epoxide 
hydrolase II was determined with trans-sti1 bene oxide using the Hasegawa 
and Hammock (1981) method. The assay mixture which contains 2mg of 
epoxide hydrolase, 0.02M trans-sti1 bene oxide, 0.4m potassium phosphate, 
pH 7.4, and distilled water was incubated at 37°C for 5 minutes and the 
absorbance measured at OD229 for 15 minutes at 3 minute intervals in 
a Beckman Du-8 spectrophotometer. 
Biosynthesis Of Epoxide Hydrolase 
Isolation of mRNA Containing Rough Endoplasmic Reticulum and Free Polysomes 
for In Vitro Translation. 
The post-mitochondrial supernatant (PMS), prepared as previously 
described, was layered on a preformed sucrose, discontinuous gradient com¬ 
prising 1.3M, 1.5M and 2.0M, sucrose, each of which contained 1M triethanol¬ 
amine, 1M potassium chloride, and 1M magnesium chloride (STKM) (Adelman 
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et aj_., 1973). These preparations were centrifuged at 105,000xg for 24 
hours at 0°C in a Beckman L8-70 ultracentrifuge. The differentially 
separated subcellular fractions (SER, RER and free polysomes) were 
carefully extracted and quick-frozen in liquid nitrogen. The rough 
endoplasmic reticulum (RER) and free polysomes were used for in vitro 
translation studies in cell-free rabbit reticulocyte lysate systems. 
Preparation of Energy Mix (Master Mix): The energy mix, other¬ 
wise called the "Master mix" was prepared by adding the following 
solutions sequentially: 5 microliters of 0.1M ATP, 5 microliters of 
0.02 GTP, 8 microliters of 0.6M creatine phosphate (CP); 10 microliters 
of 1 mM each of 19 amino acids; 50 microliters of 35s methionine (5mCi), 
specific activity 1070 mM/ml; 2 microliters of 1M potassium hydroxide; 
3 microliters of 8 mg/ml creatine phosphokinase (CPK) and 17 micro¬ 
liters of sterile distilled water. The mixture was adjusted to pH 
7.4. 
Preparation of Compensating Buffer (CB^OX) 
Compensating buffer was made by adding 1 ml of 1 M Tris-HCl at pH 
7.4, 2.5 ml of 4M potassium chloride, 0.2 ml magnesium chloride and 6.3 
ml sterile distilled water. 
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Nuclease Digestion of Lysate: One hundred microliters of rabbit 
reticulocyte lysate was digested by adding 1 microliter of 1M calcium 
chloride, 1 microliter of micrococcal nuclease and incubated for 12 
minutes at room temperature. Subsequently, 2 microliters of 0.1 M 
Ethylene Glycol Tetra-acetic acid (EGTA) was added to the incubated 
mixture to chelate the added calcium and inactivate the micrococcal 
nuclease. The digested lysate was chilled on ice until used. 
In Vitro Translation of Epoxide Hydrolase 
In vitro translation of epoxide hydrolase were performed according 
to the procedure of Pelham and Jackson (1978). Messenger-RNA, inclusive 
in endo-membrane bound (RM) and free polysomes (FP) was translated in 
rabbit reticulocyte lysate (Promega Biotec, Madison Florida) using 35$_ 
methionine (Amersam Corp., Arlington, Illinois). The translation mixture 
was prepared by adding, sequentially, 5 microliters of the energy mix, 4 
microliters of RM containing mRNA, 2.5 microliters of compensating buffer, 
1 microliter sterile distilled water and 12.5 microliters of digested 
lysate. Controls were translated endogenous Globin messenger RNA in 
non-digested lysate and digested lysate containing no fish mRNA. All 
translation mixtures were incubated for 50 minutes at 29°C. 
In Vitro Protein Insertion into Exogenously Added Membrane and Determi¬ 
nation of Post-translational Proteolysis 
In order to verify the necessity of "rough " microsomal membrane for 
the processing of epoxide hydrolase, 5 microliters of ribosome denuded 
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dog pancreatic microsomal membrane were added to the in vitro translation 
mixture of mRNA containing free polysomes. Eighty micrograms/ml of 
trypsin and chymotrypsin, respectively, were added to translation mix¬ 
tures, post-translationally. Proteolysis was allowed to proceed for 3 
hrs at 0°C; 30 microliters of trasylol (protease inhibitor) was added 
after this incubation period to stop the reactions. 
Spectrophotometric Assay for the Newly Synthesized Proteins 
The rate of incorporation of ^s-methionine into synthesized protein 
was assayed in 10 mis of scintillation cocktail (Liquiflour, New England 
Nuclear) using a Beckman LS 7500 scintillation counter. Five microliters 
of the translation products were fixed on Whatman's 3M filter discs using 
10% Trichloroacetic acid (TCA) followed by suspension in 5% TCA at room 
temperature for 5 minutes. This TCA suspension was decanted off and 
enough ethanol: ether (50:50) was added to saturate the discs. The 
discs were allowed to stand under the hood for 15 minutes and the 
solution aspirated off. Ethyl ether was added to completely saturate 
the filter disc and allowed to stand under the hood for 15 minutes. 
The filters were then removed, air-dried, and counted in 10 mis of 
scintilation cocktail using a Beckman LS 7500 scintillation counter. 
Antibody Preparation for Epoxide Hydrolase: 
Three milligrams of epoxide hydrolase was dissolved in 0.5 ml of 
0.1% SDS and then mixed with 0.125 ml of 10% SDS, 0.05 ml of 1.0M 
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Triethanolamine-HCL (Tea-HCL) at PH 7.5 and 0.30 ml of distilled water. 
This protein mixture was boiled for 2 minutes, 0.1 ml of 0.5 M 
iodacetimide of 0.5M was added and incubated at 36°C for 1 hour. 
Zero-20 ml of this antigen mixture was thoroughly mixed with 0.05 ml of 
distilled water, 0.25 ml of 0.3M NaCl and 0.5 ml of complete Freund's 
adjuvant and injected into a disease-free rabbit, subcutaneously. Three 
subsequent injections were given to the rabbit at 10 day intervals. 
At the end of 30 days, the rabbit was bled. Blood samples were 
(25 mis) allowed to clot at room temperature and refrigerated overnight. 
The blood samples were spun at 6000 rpm at 0°C for 10 minutes. The super¬ 
natant was pipetted into a heat-treated centrifuge tube and further 
centrifuged at 10,000 rpm for 10 minutes at 0°C. The anti-serum samples 
were pipetted out and stored in the refrigerator. 
Agarose Gel Immunodiffusion Reaction of Epoxide Hydrolase 
The anti-sera which contains the rabbit anti-fish epoxide hydrolase 
antibodies were tested against the antigens (epoxide hydrolases) by immuno¬ 
diffusion reactions on agarose gel immunodiffusion plates (Ouchterlony 
1949). The gel consists of 2% agarose made in 0.8% borate buffered 
saline (pH 7.5) which in turn contains 0.01% merthiolate and 0.02% 
trypan blue. Five milliliters of this gel solution was poured hot in 
an agarose gel plate which was and allowed to cool and solidify at 
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room temperature. One central and 6 peripheral wells were made in the 
gel. The central well was used for 5 microliters of the anti-serum 
containing antibody and the peripheral wells housed 30 micrograms of 
epoxide hydrolase. The plates were incubated overnight at 37°C. 
Immunoprécipitation of Translation Products 
Epoxide hydrolase(s) were immunoprecipitated according to Goldman 
and Blobel (1978). Two microliters of 2% SDS was added to 20 microliters 
of the translation product. Ten microliters of trasylol was also added 
and the mixture was boiled for 20 minutes. Triton-x 100 buffer (2.2 mis 
of 1.25%) was prepared by mixing 5 ml of lm Tris (pH 7.4), 9.5 ml of 2M 
NaCl, 3.1ml of 0.2M EDTA, 12.5ml of Triton X-100 and distilled water to 
make lOOmls of the buffer. Five microliters of antiserum was added, the 
mixture was vortexed well and microcentrifuged for 30 seconds to check 
for precipitation. This mixture was incubated at 37°C in a water bath 
for 1 hour. Twenty microliters of protein-A-Sepharose (Sigma chemicals, 
St. Louis, M0) was added to the mixture and incubated at room temperature 
while rotating on a BBL tube rotator for an hour. The mixture was then 
transferred to the cold room for incubation on a tube rotator overnight. 
Protein A-sepharose antigen-antibody complexes containing pellets 
were separated by centrifuging for 2 minutes in an eppendorf microfuge. 
The supernatant was carefully aspirated off and the pellet washed four 
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times with Triton-X 100 buffer. The immunoprecipitated protein bound 
to protein A-Sepharose was solubilized using 50 microliters of 4% SDS. 
SDS Polyacrylamide Gel Electrophoresis and Autoradiography of 
Immunoprecipitated Translation Product 
The in vitro translated and immunoprecipitated fish liver microsomal 
and cytosolic epoxide hydrolase(s) were electrophoresed on 10% SDS poly¬ 
acrylamide gels. The gels were dried and exposed in the dark with Dupont 
X-ray film. This autoradiographs were stored at -20°C for 3 days and, 




Induction of Epoxide Hydrolase 
Epoxide hydrolase was induced in the hepatic cells of Fundulus 
grandis using coal-ash as the inducing agent. The results obtained from 
the induction experiments indicate that microsomal epoxide hydrolase 
levels increased 3.0 fold in Fundulus grandis liver while the cytosolic 
form increased 10.0 fold (Tables I and II). Table III shows the concen¬ 
tration of induced epoxide hydrolase per gram weight of liver which is 
diagramatically represented in Figure I. 
Enzyme Purification 
The resolution of purified epoxide hydrolases on 10% SDS poly¬ 
acrylamide gels indicate the existence of a cytosolic and two microsomal 
forms of this enzyme (Figures 2-4). The DEAE and CM chromatograph of 
these forms are shown in Figures 2 and 3 respectively. Both the micro¬ 
somal and cytosolic fraction show epoxide hydrolase activities. Epoxide 
hydrolase(s) from the microsome and cytosol were immunoprecipitated and 
resolved on 10% SDS-slab gels. 
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Table I. The Effect of Coal Ash on Epoxide Hydrolase Concentration in 
Hepatic Cells of Fundulus grandis 
Source OD 595 
Epoxide hydrolase 
Concentration in mg* 
Control Microsomes 0.08 + 0.006 0.87 + 0.012 
Ash-treated Microsomes 0.14 + 0.012 2.63 + 0.024 
Control Cytosol 0.001 + 0.002 0.02 + 0.003 
Ash-treated Cytosol 0.10 + 0.012 1.89 + 0.019 
*Based on BioRad's A595 protein assay standard curve using bovine serum 
albumin as the standard protein. 
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Table II: The Concentration Of Coal Ash Induced Epoxide Hydrolase Per 
Gram Weight Of Fish Liver. 
Concentration 
Actual wt. Total wt. * of Epoxide 
of liver in of Epoxide hydrolase per 
Source grams hydrolase in mg gram wt. of liver 
Control Microsome 0.24 + 0.01 0.87 + 0.12 3.7 + 0.03 
Ash treated Microsome 0.23 + 0.03 2.63 + 0.24 11.44 + 0.02 
Control Cytosol 0.24 + 0.01 0.02 + 0.03 0.08 + 0.13 
Ash treated Cytosol 0.23 + 0.03 1.89 + 0.19 8.22 + 0.24 
*Based on Bio Rad's A595 protein assay standard curve using bovine serum 
albumin as the standard protein. 
Figure 1. The effect of coal-ash on the induction of hepatic epoxide 
hydrolase in Fundulus grandis. 
MEH = Microsomal epoxide hydrolase 
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Figure 2. DEAE chromatograph of the microsomal and cytosolic fractions 
====== = cytosolic fraction 
  = microsomal fraction 
* = epoxide hydrolase activity 
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Figure 3. CM Chromatograph of the microsomal and cytosolic fractions 
from fish liver hepatocytes. 
====== = cytosolic fractions 
  = microsomal fractions 
* = epoxide hydrolase activity 
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Figure 4. SDS-PAGE visualization of the two microsomal forms of 
epoxide hydrolase from fish hepatocytes. 
Lane 1 - Molecular weight markers 
Lanes 2 and 3 - Coal ash induced microsomal epoxides 
hydrolase 1 and 2. 
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Figure 5. SDS-PAGE Resolution of the cytosolic epoxide hydrolase. 
Lane 1 - Molecular Weight markers. 
Lane 2 - Cytosolic Epoxide hydrolase. 
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Figure 6. SDS-PAGE analysis of three forms of epoxide hydrolase. 
Lane 1 - The molecular weight markers. 
Lane 2 - The microsomal forms of epoxide hydrolase. 
Lane 3 - The cytosolic form of epoxide hydrolase. 
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Figure 7. Non-radioactive immunoprécipitation of epoxide hydrolase 
from microsomal and cytosolic fractions. 
Lane 1 - Immunoprecipitated epoxide hydrolase from micro¬ 
somal fraction using antibody raised with the 
59,000 microsomal epoxide hydrolase II. 
Lane 2 - Immunoprecipitated enzyme from microsomal fraction 
using antibody raised with the 49,000 microsomal 
epoxide hydrolase I. 
Lane 3 - Immunoprecipitated enzyme from the cytosolic 
fraction using the 59,000 microsomal form. 
Lane 4 - Molecular weight markers. 
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High performance Liquid Chromatographic (HPLC) Analysis of Fish Liver 
Microsomal and Cytosolic Epoxide Hydrolase(s) 
High Performance Liquid Chromatographic analysis of the eluated 
forms of liver microsomal fraction and the cytosolic fraction confirms 
that there are three forms of this enzyme in the liver cells of Fundulus 
grandis (Figure 8-9). 
Enzyme Assay 
The enzyme assay for the three forms of epoxide hydrolase indicated 
that styrene oxide is, specifically, hydrolyzed by microsomal epoxide 
hydrolase I (Table III-IV). The recovered styrene oxides in the absence 
of enzyme are relatively very high when compared with those of both the 
control and ash-treated fish. The activity of the enzyme can also be 
determined by the quantity of the styrene glycol extracted from the 
enzyme mixture (Table IV). There is no detection of styrene glycol in 
assay mixtures in the absence of epoxide hydrolase. In both the control 
and ash-treated fish, the quantity of styrene glycol extracted is re¬ 
latively high based on their optical densities. As shown in Figure 10a 
of a chromatograph obtained from HPLC analysis of the ethyl acetate 
extract from the enzyme assay mixture, different isomers of diols are 
represented in peaks 1, 2, 3, and 5 while peak 4 is the metabolite, diol 
epoxide. These peaks of the chromatograph strongly agree with those 
previously reported in the literature (Guzokara e^ al_., 1980). The 
concentration of recovered styrene oxide from the assay mixture shows 
that most of the substrate is metabolized in the presence of the enzyme 
(Fi gure 10b. ) 
Figure 8. The HPLC chromatograph of the two microsomal epoxide 
hydrolases purified from hepatic cells of Fundulus grandis. 
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Figure 9. The HPLC chromatograph resolution of purified cytosolic 
epoxide hydrolase from fish liver hepatocytes. 
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Table III. Recovered Styrene Oxide From Epoxide Hydrolase I Enzyme 
























Microsome 2.84 0.017 0.60 0.006 0.52 0.003 
Cytosol 2.93 0.020 2.75 0.018 2.87 0.019 
Concentration of recovered styrene oxide was calculated using styrene 
oxide standard curve. 
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Table IV. Detection of Styrene Glycol From Epoxide Hydrolase Enzyme 
Assay 
Source 0D?73 Control 0D?73 Untreated 0D?73 Ash-Treated 
Microsome 0.000 + 00 0.401 + 08 0.474 + 0.12 
Cytosol 0.000 + 00 0.000 + 00 0.000 + 0.00 
Figure 10a. HPLC analysis of the ethyl acetate extract containing the 
dihydrodiols and the diol epoxide hydrolase. Peaks 1,2, 
3, and 5 represent different isomers of dihydrodiols and 
peak 4 is the metabolite, diol epoxide. 
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Figure 10b. The concentration of recovered styrene oxide from the assay 
mixture. 
CEH = Cytosolic epoxide hydrolase 
MEH = Microsomal epoxide hydrolase 
49 
Figure 11. Epoxide hydrolase metabolic activity, using trans-stilbene 
oxide as the substrate. 
1. Represents the effect of absence of enzyme on the 
concentrations of trans-sti1 bene oxide. 
2. Represents the decrease in the concentration of the 
substrate (trans-sti1 bene oxide) in the presence of 
microsomal epoxide hydrolase II. 
3. Represents the decrease in the trans-stiIbene oxide 














Microsomal epoxide hydrolase II and the cytosolic form of this 
enzyme have no significant metabolic activity with styrene oxide, using 
trans-sti1 bene oxide, as substrate one (Figure 11). As shown, there is 
no change in the concentration of trans-stilbene oxide in the absence of 
the enzyme. However, a considerable amount of the substrate is meta¬ 
bolized with the microsomal epoxide hydrolase II and the cytosolic 
epoxide hydrolase (Table V-VII). In both fractions, the specific 
activity increased tremendously in the purified epoxide hydrolase(s). 
Molecular Weight Determination 
The molecular weight determination of the purified enzyme reveals 
that the molecular weight of fish liver microsomal epoxide hydrolase I is 
49,000 daltons, epoxide hydrolase II is 59,000 and the cytosolic form of 
the enzyme is also 59,000. These data strongly agree with those found 
in the literature. 
In Vitro Translation 
Table VIII shows the levels of incorporation of 35S-Methione into 
newly synthesized protein in an in vitro, cell-free rabbit reticulocyte 
lysate translation system. Figure 12 is a graphic analysis (titration 
curve) showing optimum levels of 35S-methionine incorporation due to 
volumetric concentration of mRNA complexed free polysomes (F.P.) and 
membrane-bound polysomes (MBP) as parameters of in vitro translational 
efficiency. One microliter aliquot represents an equivalent of 0.0241 
microgram of messenger RNA (mRNA). Immunodifusion gels show antigen - 
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Table V. Enzyme Assay for Microsomal Epoxide Hydrolase II Purified 
From Hepatic Cells of Fundulus grandis Using Trans-sti1 bene 





EH II Cytosolic EH 
0 4.5183 4.5347 4.4287 
3 4.5180 2.9083 2.7116 
6 4.5200 2.8871 2.7017 
9 4.5119 2.7975 2.6815 
12 4.5213 2.7964 2.6814 
15 4.5241 2.7704 2.6403 
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Table VI. Purification Scheme of Coal-induced Microsomal Epoxide 
Hydrolase I from Fundulus grandis 
Total ♦Specific Purification 
Fraction Protein Activity Yield (%) factor (Fold) 
Liver Homo 23.53 0.24 100.00 1.00 
genate 
PMS 7.91 0.47 33.62 1.96 
Microsome 1.83 0.68 7.78 2.83 
DEAE 0.35 1.02 1.49 4.25 
CM 0.07 1.70 0.30 7.08 
♦Specific activity = mMole/min/mg Protein. Calculations are based 
on molar extinction coefficient of styrene oxide. 
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Table VII: Purification Scheme of Coal Ash-Induced Cytocolic Epoxide 
hydrolase from Fundulus grandis Liver 




genate 23.53 0.31 100.00 1.00 
PMS 7.91 0.56 33.62 1.81 
Cytosol 2.53 0.84 10.75 2.71 
DEAE 0.23 1.83 0.98 5.90 
CM 0.02 2.15 0.09 6.94 
*Specific activity = mMole/min/mg protein. Calculations are based on 
the molar extinction coefficient of trans-sti1 bene oxide. 
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Table VIII. ^^S-Methionine Incorporation into In Vitro Translated Fish 
Liver Proteins Including Epoxide Hydrolase from Fundulus 
grandis 
Tube Source of mRNA Total Counts 
Immunoprecipitable 
E.H. 
1 Endogenous lysate 178,070.21 _____ 
2 Digested lysate 73,453.00 _ _ _ _ 
3 RER + digested lysate 95,840.96 2,167 
4 Free Polysomes + Digested 
lysate 
90,154.83 1,935 
5 Free Polysome + DPM 
+ Digested lysate 
87,547.13 1,916 
Figure 12. Graphie Analysis (titration curve) showing optimum levels 
of 35s-methionine incorporation due to volumetric concen¬ 
trations of mRNA complexed free polysomes(FP) or membranes 
(MBP) as paramaters of in vitro translational efficiency. 
One microliter aliquout represents an equivalent of 0.0241 
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antibody reaction raised (in rabbits) against its antigen (epoxide 
hydrolase)(Figures 13a, b). Epoxide hydrolase immunoprecipitated from 
the total in vitro translation products in the absence and presence of 
"rough" endoplasmic reticulum-bound polysomes (Figure 14). 
Epoxide Hydrolase Insertion Into the Membrane 
The existence of fish liver microsomal forms and a cytosolic form 
of epoxide hydrolase was demonstrated by the experiments showing in¬ 
sertion, as well as, non-insertion into the membrane of the microsomal 
and the cytosolic forms in, exogenously, added dog pancreatic microsomal 
membrane, respectively. (Figures 15-16). Subsequent treatment of the 
translated protein with chymotrypsin and trypsin reveals that these 
proteins are microsomal since both of them are still protected within 
the membrane from the proteolytic digestion (Figure 15). On the other 
hand, when immunoprecipitated product of an in vitro translation, 
including free polysomes, in the presence and absence of dog pancreatic 
membrane, was treated with the same lytic enzyme (chymotrypsin and 
trypsin), lysis of the enzyme was evident (Figure 16). 
Figure 13a Immunodiffusion reaction between microsomal epoxide hydro¬ 
lase I (Mr. 49,000 daltons) and fish epoxide hydrolase 
I rabbit anti-serum) 
1 = distilied water; 
2 - 6 = purified epoxide hydrolase; 
c = rabbit anti-fish epoxide hydrolase anti-serum 
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Figure 13b The immunodiffusion reaction between microsomal epoxide 
hydrolase II (Mr. 59,000 daltons) and rabbit anti-fish 
epoxide hydrolase II antiserum 
1 = distilled water, 
2 - 6 = purified epoxide hydrolase and the rabbit anti¬ 
fish antiserum). 
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Figure 14. An autoradiograph of the immunoprecipitated products from 
the following in vitro translation product: 
Lane I - The translated cytosolic form of 
epoxide hydrolase. 
Lane II - The two forms of microsomal 
epoxide hydrolase. 
Lane III - The 14C labelled molecular weight marker. 
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Figure 15: Autoradiograph of the two microsomal forms of epoxide 
hydrolase translated in vitro, in the absence of exogenously 
added dog pancreatic membrane, and treated with chymotrypsin 
and trypsin. 
Lane I - shows the two microsomal forms of this enzyme 
inserted into the membrane and protected from the 
lytic enzyme. 
Lane II - shows the two microsomal forms translated, 
without additional dog pancreatic membrane, and 
protected from the proteolytic digestion. 
Lane III- the molecular weight markers. 
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Figure 16: An autoradiograph of the cytosolic epoxide hydrolase 
translated in vitro and treated with chymotrypsin and 
trypsin. 
Lane I - the standard molecular weight markers. 
Lane II - shows the enzymatic digestive effect on the in 
vitro translated cytosolic epoxide hydrolase(s). 
Lane III- shows the translation profiles in the absence of 
chymotrypsin and trypsin. The cytosolic enzyme 




Many investigators have performed induction experiments and 
consistently succeeded in inducing different forms of expoxide hydrolase 
using various inducing agents (Oesch 1976, Wang ei^ aj_., 1982; Daly, et 
al., 1972; Guengerich et al_., 1979). It is, therefore, not surprising 
that three forms of epoxide hydrolase were determined in Fundulus grandis 
liver cells using a naturally occurring inducer, incinerated coal ash. 
It is however, questionable as to why this estuarine fish should synthe¬ 
size multiple forms of an enzyme which metabolically catalyze the same 
or similar hydrolytic reactions. To seek an answer to this question, 
we need to chemically understand the content of the inducer of epoxide 
hydrolase used in this investigation. Ash, which is a combustive product 
of natural coal, has been shown to be a rich source of polycyclic aromatic 
hydrocarbons, (PAHs) (Guerin 1978; Grimmer and Bohnke, 1975). Among 
the(PAHs) are benzo(a)pyrene and 3-methylcholanthrene. These two com¬ 
pounds are not direct inducers of epoxide hydrolase but, their metabolic 
products, epoxides, formed by the oxidative action of cytochrome P450, 
are major inducers of this enzyme. Therefore, the putative existence of 
these two compounds in coal provides the potential for the induction of 
two or more forms of epoxide hydrolase. 
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In our laboratory, we investigated the role of polycyclic aromatic 
hydrocarbons from a natural source, in the induction of fish liver 
epoxide hydrolase(s). PAHs from incinerated coal ash induced the 
synthesis of three forms of expoxide hydrolase(s) in Fundulus grandis 
liver in vivo (Jideama and Browne, 1986). The results obtained from the 
in vitro translational studies in a rabbit reticulocyte lysate cell-free 
system utilizing bound and free polysomes suggest the presence of these 
three forms of epoxide hydrolase in the liver cells of Fundulus grandis 
(Jideama and Browne, 1986). 
Another approach to account for the existence of these multiple 
forms of epoxide hydrolase purified from fish liver cells is to trace 
the sources of epoxides that trigger the synthesis of these forms of 
enzyme in the cell. The metabolic pathway of most xenobiotics shows 
that cytochrome P450 converts the xenobiotic to their respective 
epoxides which then bind, irreversibly, to DNA, RNA or protein causing 
mutagenicity and carcinogenicity (Oesch, 1976). Oesch, et_ aj_., (1976) 
suggest that these epoxides are converted to dihydrodiols and through 
an unfortunate alternate action of epoxide hydrolase(s) to a metabolite, 
diol epoxides, a mirror image to the primary epoxide metabolized by 
epoxide hydrolase I, (Sims et al_., 1974). Since these epoxides are 
nonsuperimposable to each other, their stereochemical rotations are 
quite different (Thakker et_ al_., 1976; Guenthner, et^ al_., 1981). This 
means that the site of epoxidation differs in both epoxides and as a 
result may not be recognizable by the same epoxide hydrolase I. 
Fi gure 17: Hypothetic Diagram Showing the Putative/Functional Patterns 
of Epoxide Hydrolase(s) in Fundulus Grandis Liver. 
HYPOTHETIC DIAGRAM SHOWING THE PUTATIVE/FUNCTIONAL PATTERNS OF EPOXIDE HYDROLASE(S) 
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Our postulation shown in Figure 17 suggest an alternatively role for 
Epoxide hydrolase II. Other evidence to support this postulation is 
that both the cytosolic and epoxide hydrolase II forms metabolize the 
same substrate, trans- stilbene oxide (Hammock and Ota, 1983). 
Trans-sti1 bene oxide has been found to increase the level of 
epoxide hydrolase without subsequent increase in the level of mono¬ 
oxygenases (Oesch, et al., 1977). These significant findings support 
the contention that, if true, then the microsomal epoxide hydrolase II 
differs from microsomal epoxide hydrolase I, whose induction has been 
shown to be directly proportional to the induction of cytochrome P450 
(Nebert and Gelboin, 1968). This finding also agrees with our post¬ 
ulation for the existence of a cytosolic form of epoxide hydrolase, 
since this form has an identical metabolic pathway with the microsomal 
epoxide hydrolase II. The presence of these forms are, therefore, 
corroborated and suggests that they may function at different lines of 
biochemical degradation of xenobiotics in the fish liver cell microsomes. 
It is necessary to see how each form of expoxide hydrolase relates to 
each other accordingly in our studies. Previous investigators have 
delineated that epoxide hydrolase differ from each other, with regards 
to enzyme activity. Different forms metabolize different substrates and 
are therefore substrate specific (Wang, et al_., 1982). The forms we 
have purified in our laboratory follow this pattern. Microsomal epoxide 
hydrolase I does not hydrolize trans-sti1 bene oxide but does styrene 
oxide. The microsomal epoxide hydrolase II represents an important 
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factor in the control of metabolic epoxides (Figure 17). Its locali¬ 
zation in the membrane ensures access to lipophilic epoxides generated 
by membrane bound epoxide hydrolase I and its substrate specificity is 
such that it can metabolize epoxides that the other microsomal epoxide 
hydrolase I cannot hydrolize according to (Guentner and Oesch, 1981). 
The results obtained from in vitro translation studies (Figure II) 
clearly confirmed the existence of three forms. The validity of the in 
vitro translated epoxide hydrolase(s) is supported by the presented 
evidence that their molecular weights are the same as those purified 
from an in vivo system (Jideama and Browne, 1986). Immunoprécipitation 
of the translated epoxide hydrolase(s) with antibody raised from an in 
vivo purified enzyme has further confirmed that the translated proteins 
were authentic epoxide hydrolase(s). 
Electrophoretic resolution of the in vitro synthesized epoxide 
hydrolase(s) on 10% SDS polyacrylamide gels shows that in all cases these 
putative forms co-migrated with the purified authentic (in vivo) forms. 
The molecular weight of microsomal epoxide hydrolase I is 49,000 daltons, 
microsomal epoxide hydrolase II, 59,000 daltons and the cytosolic form, 
59,000 daltons. The data suggest that these enzymes do not undergo 
co-translational modification by signal sequence cleavage. Okada et 
al., (1982) reported similar results. 
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The protection conferred on the two microsomal forms of epoxide 
hydrolase(s) translated in vitro, when subjected to proteolytic enzymes 
(trypsin and chymotrypsin), strongly suggests that these epoxide 
hydrolase(s) are strictly confined to the endomembrane; thus, favoring 
the synthesis of the cytosolic form for the ultimate detoxification/ 
toxification mechanism in the cytoplasmic environment of the cell. The 
messenger RNA encoded polysome-directed synthesis of cytosolic epoxide 
hydrolase yields a molecular weight form of 59,000 dalton suggesting 
that its synthesis was induced by diffused diol epoxide. Posttrans- 
lational addition of exogenous ribosome denuded dog pancreatic microsomal 
membrane (DPM) synthesized the same putative 59,000 daltons cytosolic 
protein, which, when subjected to proteolytic digestion, was not protect¬ 
ed by the membrane. These data support our postulation that free poly¬ 
somes (non-membrane-bound) synthesize cytosolic epoxide hydrolase which 
does not require the presence of microsomal membrane for its cotrans- 
lational processing. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
The experimental data obtained in this study indicate that: 
1. Incinerated ash contains a number of inductants drugs that 
are apparently responsible for the presence of several forms of 
epoxide hydrolase in Fundulus grandis liver. The induction of 
epoxide hydrolase is increased 3-fold in the liver microsomes 
and 10-fold in the liver cytosol. 
2. These, experimentally, purified and identified forms comprise 
a cytosolic and two microsomal forms, confirming the existence 
of different domains for epoxide hydrolase(s) in estuarine fish 
1 i ver. 
3. These forms have different substrate specificities. 
4. The molecular weights, based on their relative mobilities, indi¬ 
cate differences ranging from 49,000 to 59,000 daltons. 
5. HPLC analysis of the purified samples also indicate that there 
are, putatively, three forms of epoxide hydrolase in the liver 
microsomes and cytoplasm of Fundulus grandis. 
6. In vitro biosynthesis has further suggested the presence of two 
forms of fish liver microsomal epoxide hydrolase and a cytosolic 
form that may be synthesized in a fish liver mRNA-programmed 
cel 1-free system. 
7. This study has identified the sites of synthesis of these forms. 
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8. Addition of dog pancreatic microsomal membrane to translation 
mixtures, co-translational ly, and the post-translational pro¬ 
teolysis with trypsin and chymotrypsin have elucidated that the 
cytosolic form does not require membrane for processing. The 
two microsomal forms, but not the cytosolic form, are protected 
from proteolytic digestion. 
9. HPLC analysis of the microsomal and the cytosolic forms of this 
enzyme have, conclusively, shown the existence of two micro¬ 
somal forms and a cytosolic form. 
10. Immunologically, the cytosolic form show a similarity to micro¬ 
somal epoxide hydrolase II. Microsomal epoxide hydrolase I has 
no immunological similarities with either the cytosolic or the 
microsomal epoxide hydrolase II. 
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